Hu, Zhihong, and Mohammed M Sayeed. Suppression of mitochondria-dependent neutrophil apoptosis with thermal injury. Am J Physiol Cell Physiol 286: C170-C178, 2004. First published September 17, 2003 10.1152/ajpcell.00187.2003.-Neutrophil apoptosis is delayed under trauma and/or sepsis conditions. The mechanism for the delay has remained unclear. We hypothesize that modulation of the mitochondrial pathway of apoptosis contributes to the delay in neutrophil apoptosis with burn injury. Rats were subjected to burn injury (30% of total body surface area, 98°C for 10 s) and euthanatized 24 h postinjury. Blood neutrophils from sham and burn-injured rats were isolated by Ficoll gradient centrifugation and cultured for 2 or 8 h. Neutrophil apoptosis was determined by annexin V and propidium iodide (PI) labeling and flow cytometry. Neutrophil mitochondrial morphology was assessed via histochemical staining (MitoTracker GreenFM) and confocal microscopy. Neutrophils from rats with burn injury showed a decreased level of apoptosis compared with sham rat neutrophils at both 2 and 8 h of incubation. In incubated sham rat neutrophils, mitochondria showed a change from normal "tubular" to an "aggregated" morphology. In contrast, cultured neutrophils from burn rats did not exhibit this mitochondrial morphological transition until 8 h of incubation. Compared with sham rat neutrophils, neutrophils from burn rats showed decreased levels of active caspase-9 and -3. Whereas an upregulation of Bcl-xL and a downregulation of Bax seemed to contribute to decreased apoptosis in burn rat neutrophils at 2 h of incubation, the decreased apoptosis at 8 h appeared to be associated with a decrease in Bax and increased phosphorylated Bad. These data suggest that suppression of the mitochondrial pathway plays an essential role in the delay of polymorphonuclear neutrophil apoptosis with burn injury.
burn; rat; polymorphonuclear leukocytes; caspase-3; caspase-9; cytochrome c; Bcl-xL; Bax; Bad; MitoTracker GreenFM; confocal microscopy POLYMORPHONUCLEAR NEUTROPHILS (PMNs) play a critical role in defense against invading microbial pathogens in injured/infected hosts (21) . However, an inappropriate or exaggerated neutrophil activation can cause host tissue damage (15, 34) . PMN apoptosis is critical to the resolution of inflammation and prevention of host tissue injury (2, 32) . Previous studies have shown that there is cessation of release of proinflammatory/ toxic intracellular mediators when neutrophils are undergoing apoptosis (32, 33) .
Although neutrophils are known to be terminally differentiated cells, several studies have shown that their life span can be modulated (6, 18) . The half-life of neutrophils can increase severalfold as they infiltrate into tissue under injury conditions (5, 17) . Actions of the gram-negative bacterial product lipopolysaccharide (LPS) and inflammatory mediators such as TNF-␣ and granulocyte-monocyte colony-stimulating factor (GM-CSF), as well as glucocorticoids, have been shown to cause a delay in neutrophil apoptosis (7, 9, 24, 25) . Such a delay in apoptosis can prolong neutrophil-mediated tissue damage via their degranulation products, namely, oxidants and proteolytic enzymes (8, 20) .
Several investigations have shown that the delay in apoptosis in circulating neutrophils is related to the severity of inflammatory disease (2, 23) . Studies have shown delays in apoptosis of pulmonary neutrophils in ARDS (acute respiratory distress syndrome) patients (25) and in neutrophils isolated from the blood of burn-injured and septic patients (5, 30) . However, little is known about the mechanism of delay in neutrophil apoptosis in inflammatory/septic conditions.
The delay in cell apoptosis could result from interference with either the mitochondrial pathway or the death receptor pathway of apoptosis, or both (29, 35, 36) . Previous studies have examined the role of the death receptor pathway in neutrophil apoptosis (16) . However, the role of the mitochondrial pathway of neutrophil apoptosis under sepsis/burn injury conditions has remained unknown. In the mitochondrial pathway, activation of proapoptotic proteins belonging to the Bcl-2 family, such as Bad and Bax, can promote the release of cytochrome c from mitochondria into cytoplasm (1) , where it forms a macromolecular complex with the apoptotic proteaseactivating factor 1 (Apaf-1). The complex cleaves and activates procaspase-9, which in turn causes cleavage and activation of procaspase-3 (14) . Caspase-3 is responsible for the breakdown of a number of cytosolic/nuclear proteins resulting in cellular morphological and biochemical changes that are hallmarks of apoptosis, such as cell shrinkage, DNA fragmentation, and chromatin condensation (3, 41) . Antiapoptotic proteins also belonging to the Bcl-2 gene family, such as Bcl-2 itself and Bcl-xL, inhibit the release of cytochrome c from mitochondria and thereby prevent the occurrence of apoptosis (38, 40, 45) .
In the present study, we have investigated modulations in apoptosis of neutrophils isolated from burn-injured animals and analyzed the potential role of the mitochondrial pathway in such modulations. We have examined mitochondrial morphological changes that are characteristic of apoptosis and assessed the involvement of pro-and antiapoptotic Bcl-2 family members that could be implicated in the mitochondrial pathway of apoptosis.
MATERIALS AND METHODS
Rat burn injury model. Adult male Sprague-Dawley rats (ϳ250 g) were purchased from Harlan (Indianapolis, IN). The rats were accli-matized in the animal quarters for 3 days before experiments were initiated. The care of animals was in accordance with the guidelines set forth by the Loyola University Medical Center Animal Care and Use Committee. The animals were anesthetized with an intraperitoneal injection of Nembutal (50 mg/kg body wt). The hair on each animal's back was shaved. The animals were then placed in a supine position in a plastic template that exposed 30% of the total body surface area (TBSA). In the burn group rats, full-thickness skin scalds were produced by immersing the back of the animals in 95°C water for 10 s. The same procedure was used in the sham group of rats except for the immersion of the back in room temperature water. Rats were quickly dried and were resuscitated with 12 ml of normal saline intraperitoneally. The animals were housed in cages after being subjected to burn injury and were exsanguinated under anesthesia (Nembutal, 100 mg/kg body wt).
Isolation and culturing of neutrophils. Blood (10-12 ml) was collected through cardiac puncture into heparinized syringes. Neutrophils were isolated from heparinized blood via Ficoll-Paque (Pharmacia, Pea Pack, NJ) gradient centrifugation. The erythrocyte/granulocyte pellet was diluted with normal saline (1:1). Erythrocytes were sedimented in 3% dextran (Sigma, St. Louis, MO) for 1 h at room temperature; the resulting supernatant was collected and centrifuged for 10 min at 4°C. Red blood cells remaining in the pellet were suspended and lysed in distilled water. The freshly isolated neutrophils were resuspended in modified RPMI 1640 (Cellgro Mediatech, Herndon, VA) containing 10% heat-inactivated fetal calf serum (FCS) (Cellgro Mediatech), 100 U/ml penicillin, 100 g/ml streptomycin, and 300 g/ml glutamine (GIBCO BRL, Grand Island, NY). Neutrophil preparation routinely contained Ն95% neutrophils as identified by the Giemsa stain. Neutrophils (5ϫ10 6 ) were put into each well of six-well plates (Fisher Scientific, Pittsburgh, PA), which were then incubated in 5% CO2-95% humidified air at 37°C for 2 or 8 h.
Determination of neutrophil apoptosis. Neutrophil apoptosis was measured by using the annexin V-fluorescein isothiocyanate (FITC)/PI apoptosis assay kit (Pharmingen, BDSciences) and flow cytometry. The experiment was performed by following the manufacturer's instructions, with minor changes. Briefly, after isolation or incubation for 2 or 8 h, neutrophils were washed twice with ice-cold PBS and then resuspended in binding buffer. Annexin V-FITC and PI were added into the culture tube. Neutrophils were analyzed by flow cytometry within 1 h of annexin V-PI labeling. Viable neutrophils were defined as negative for annexin V-FITC and PI staining; apoptotic neutrophils were defined as positive for annexin V-FITC staining but negative for PI staining. Cells positive for both annexin V and PI staining were considered necrotic cells. Cell survival/apoptosis was expressed as a percentage of neutrophils relative to the total number of counted neutrophils.
Determination of mitochondrial morphology. For the staining of neutrophil mitochondria alone, 10 5 freshly prepared or cultured neutrophils were incubated in 500 l of modified RPMI 1640 with 200 nM MitoTracker GreenFM for 30 min at 37°C in an atmosphere of 5% CO2. Neutrophils were layered on glass microscope slides by using cytospin in the dark. The slides were air dried, and neutrophils were examined via confocal laser scanning microscope (Bio-Rad Laboratories, Hercules, CA). Numbers of neutrophils with differing mitochondrial staining patterns were counted in the microscope field and expressed as percentages of the total number of counted neutrophils.
The simultaneous staining of mitochondria and active caspase-3 in the neutrophil was performed according to a method described by Maianski and coworkers (24) , with minor modifications. Briefly, 10 6 freshly isolated or cultured neutrophils were washed once in ice-cold PBS and stained with 2 M MitoTracker GreenFM. Neutrophils were then fixed with 2% (wt/vol) paraformaldehyde in PBS for 15 min at room temperature, washed twice in PBS, and resuspended in staining buffer containing 0.1% saponin (wt/vol) and 1% (wt/vol) bovine serum albumin (BSA) (Sigma) in PBS. Permeabilized neutrophils were incubated with antibody against active caspase-3 (Cell Signaling, Beverly, MA) or resuspended in buffer without the antibody (negative control). After incubation, neutrophils were washed twice and resuspended in secondary antibody (Alexa 488-conjugated goat anti-mouse IgG; Molecular Probes, Eugene, OR) at a final concentration of 5.0 g/ml. Neutrophils on the slides, prepared by using cytospin, were examined under a confocal laser scanning microscope as described above.
RT-PCR. Total RNA was isolated from the neutrophils by using TRI Reagent according to the manufacturer's instructions (Molecular Research Center, Cincinnati, OH). Neutrophils were washed twice with ice-cold PBS and suspended in lysis medium for 5 min, after which chloroform was added. After centrifugation, the upper aqueous phase was collected and precipitated by adding isopropanol. The resulting RNA pellet was separated after centrifugation and washed with 70% ethanol.
To generate cDNA, 2 g of total RNA were used for each reaction. The reaction mixtures (20 l) contained RNA, oligo(dT) primer, dNTP mixture, and Omniscript reverse transcriptase (Qiagen). The reaction mixtures were incubated for 60 min at 37°C. One-tenth of the synthesized cDNA was then amplified. PCR reaction mixtures (25 l) contained cDNA, dNTP mixture, MgCl 2 (1.5 mM), Taq DNA polymerase (2.5 U/l), and forward and reverse primers. The samples were denatured at 95°C for 15 min and amplified for 30 cycles (rat GAPDH, or RGAPDH) or 32 cycles (A1, Mcl-1, Bcl-xL, Bad, Bax), with the last cycle extended at 72°C for 10 min. Samples were then resolved on a 2% agarose gel and visualized with ethidium bromide.
The following six primers were used: rat A1 (forward: 5Ј-TG-TATATCCACTCCCTGGCTG-3Ј, reverse: 5Ј-AGTCACAATCCT-TCCCCAGTT-3Ј); rat Mcl-1 (forward: 5Ј-TGGACATTAAAAAC-GAGGACG-3Ј, reverse: 5Ј-AAGAACTCCACAAACCCATCC-3Ј); rat Bcl-xL (forward: 5Ј-TGGAAAGCGTAGACAAGGAGA-3Ј, reverse: 5Ј-AGTGAGCCCAGCAGAACTACA-3Ј); rat Bax (forward: 5Ј-AAGACAGGGGCCTTTTTGTTA-3Ј, reverse: 5Ј-GAAGTTGC-CATCAGCAAACAT-3Ј); rat Bad (forward: 5Ј-TGTTCCAGATC-CCAGAGTTTG, reverse: 5Ј-CTCCATCCCTTCATCTTCCTC-3Ј); and RGAPDH (forward: 5Ј-CCATCACCATCTTCCAGGAG-3Ј, reverse: 5Ј-CCTGCTCACCACCTTCTTG-3Ј).
Western blotting analyses. Separation of neutrophil mitochondrial and cytosolic fractions was performed for the determination of cytochrome c release (procedure described in Ref. 13 ). The freshly isolated or cultured neutrophils were rinsed with cold PBS twice and then homogenized in cold suspension buffer [20 mM HEPES-KOH (pH 7.5), 250 mM sucrose, 10 mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol (DTT), 0.1 mM phenylmethylsulfonyl fluoride (PMSF), 2 g/ml aprotinin, 10 g/ml leupeptin, 5 g/ml pepstatin, and 12.5 g/ml N-acetyl-Leu-Leu-norleucine].
Homogenates were centrifuged at 750 g for 10 min at 4°C. Resulting supernatants were centrifuged at 8,000 g for 20 min at 4°C. The 8,000 g pellets were used as the mitochondrial fraction. The 8,000 g supernatants were further centrifuged at 100,000 g for 60 min at 4°C, and resulting supernatants were used as the cytosolic fraction.
The whole neutrophil lysates were obtained as follows. After being washed with cold PBS, the neutrophil pellets were resuspended in lysis buffer that contained 50 M PIPES-KOH (pH 6.5), 2 mM EDTA, 0.1% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate, 5 mM DTT, 20 g/ml leupeptin, 10 g/ml aprotinin, 10 g/ml sodium orthovanadate, and 2 mM PMSF (Sigma). The cell lysates were subjected to three freeze/thaw cycles and then centrifuged at 4°C. The supernatant fraction was drawn off, and its protein concentration was determined using the Bradford method (Bio-Rad). Each sample was loaded with 50 g of protein per lane. Proteins were resolved on SDS-PAGE gels and transferred to Immobilon-P polyvinylidene difluoride membranes (Millipore, Bedford, MA). Anticaspase-3 antibody (Cell Signaling), anti-caspase-9 antibody (Cell Signaling), anti-cytochrome c antibody, anti-Mcl-1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA), anti-Bax antibody, anti-Bcl-xL antibody, anti-Bad antibody, and anti-phosphorylated Bad antibody (Cell Signaling) were employed in separate experiments. The membrane was incubated with appropriate antibody conjugated with horseradish peroxidase (Santa Cruz Biotechnology). The signal was developed by using Super-Signal Luminol detection solution (Pierce Biotechnology, Rockford, IL). To confirm an equal amount of loaded proteins, the membranes were reprobed with anti-␤-actin monoclonal antibody (Sigma).
Statistics. Data are expressed as means Ϯ SE. Where applicable, the Student's t-test was used to evaluate the significance of differences between burn and sham group sample means. Statistical significance was defined as P Ͻ 0.05.
RESULTS

Burn injury delays neutrophil apoptosis.
The use of PI along with annexin V made it possible to distinguish apoptotic cells from cells with a damaged cell membrane. Figure 1A shows representative dot plots of fluorescence intensities of cells labeled with annexin V/PI. Percentages of surviving (annexin V and PI negative) and apoptotic (annexin V positive and PI negative) cells are indicated in the quadrants. Figure 1 , B and C, shows mean (ϮSE) values of the percentages of apoptotic and surviving neutrophils from sham and burn-injured rats. The percentage of apoptosis in freshly isolated neutrophils (0 h) of burn-injured rats (3.5 Ϯ 0.3%) was significantly lower than in those of sham rats (7.6 Ϯ 1.5%) (P Ͻ 0.05). When neutrophils were cultured for 2 h, the percentage of apoptosis was 3.1 Ϯ 1.7% in burn-injured rat neutrophils, which is significantly lower than in those of the corresponding sham group (12.0 Ϯ 1.6%) (P Ͻ 0.05). The percentage of apoptosis after 8 h of incubation was also significantly lower in burn rat neutrophils (10.7 Ϯ 1.1%) than in sham rat neutrophils (15.9 Ϯ 1.2%) (P Ͻ 0.05). The percentages of surviving cells in the two groups were inversely related to the percentages of apoptotic cells. These results show a significant decrease in apoptosis and increase in survival in both freshly isolated and acutely cultured burn rat neutrophils compared with the sham group (P Ͻ 0.05).
Expression of Bcl-2-related genes and proteins in neutrophils. Figure 2 Mcl-1 protein level was not different between sham and burn rat neutrophils. Bcl-xL protein level was apparently higher in both freshly isolated and 2-h-incubated PMNs from rats subjected to burn injury than in the sham group. However, after 8 h of incubation, PMNs from burn rats showed decreased protein levels of Bcl-xL compared with sham. This pattern of change in Bcl-xL protein in burn rat PMNs was similar to changes observed in Bcl-xL mRNA of burn rat PMNs. Although Bax mRNA was found to be decreased (compared with sham group) only at 8-h-incubated PMNs, the Bax protein level was evidently decreased in freshly isolated as well as both 2-and 8-h-incubated PMNs from burned rats, compared with sham. To investigate the role of proapoptotic Bad protein, we assessed both total Bad protein contents as well as levels of phosphorylated Bad. The proapoptotic role of Bad depends on its dephosphorylation, because dephosphorylated Bad sequesters Bcl-xL, leading to mitochondrial membrane destabilization, release of cytochrome c from mitochondria, and apoptosis (46) . The total quantity of Bad protein in PMNs was apparently not affected with burn injury. The quantity of phosphorylate Bad was not detected in freshly isolated PMN from burn or sham groups but was found to increase in cultured PMNs of both sham and burn groups. However, the increase in phosphorylated Bad at 8 h was substantially greater in the burn group than in the sham group. The increase in phosphorylated Bad would be associated with decreased dephosphorylation of Bad and thus with an attenuation in apoptosis.
Mitochondrial structure changes associated with apoptosis. The MitoTracker GreenFM dye, which has high affinity and specificity for lipid membranes in mitochondria and produces monofluorescent green images, was employed to examine mitochondrial membrane morphology (Fig. 4) . Previous studies have shown that surviving neutrophils exhibited a "tubular" structure of mitochondria; on the other hand, nonsurviving neutrophils exhibited an "aggregation" of mitochondria (24) . There was apparently no distinguishable difference in the configuration of mitochondria in the freshly isolated neutrophils (0 h) from sham and burn-injured rats. In both groups, 95% (Ϯ3%) of the neutrophils showed the tubular configuration in the mitochondria. After 2 h of incubation, the mitochondria in 16% (Ϯ2%) of sham rat neutrophils showed aggregations of mitochondria, whereas 5% (Ϯ1%) of burned rat PMNs showed the aggregated morphology. At 8 h of incubation, there appeared to be a further loss of the tubular configuration and appearance of aggregation of mitochondria in 35% (Ϯ2%) of sham neutrophils, whereas 11% (Ϯ2%) of neutrophils from burn rats exhibited aggregated structures.
Cytochrome c release from mitochondria. Figure 5 shows representative Western blots and densitometric analyses of cytochrome c levels in cytosolic and mitochondrial fractions of burn and sham rat PMNs. Cytochrome c was present as a single band representing a molecular mass of 15 kDa. In both freshly isolated and cultured neutrophils, cytochrome c was lower in the cytosolic fraction and higher in the mitochondrial fraction in the burn group than in the sham group. These results indicate a decreased release of cytochrome c from mitochondria into cytosol in the burn rat PMNs compared with the sham group.
Activation of caspase-9 and -3. Figure 6 shows representative blots of cleaved caspase-9 and caspase-3 and densitometric analyses of the blots. There were measurable quantities of active caspase-9 in freshly isolated neutrophils. However, the amount of active caspase-9 in sham rat neutrophils was greater than in burn-injured rat neutrophils. After sham rat neutrophils were incubated for 2 or 8 h, there were greater quantities of the cleavage products of caspase-9 compared with the burn groups. Caspase-3 activation showed similar changes as observed in caspase-9 activation with burn injury. Caspase-3 activation was clearly lower in burn rat PMNs than in sham.
Simultaneous staining of mitochondria and caspase-3 activation in neutrophils. Neutrophils were simultaneously stained with mitochondria and cleaved caspase-3. Confocal microscopic analysis showed that freshly prepared neutrophils from sham and burn-injured rats did not have a strongly detectable staining for the active caspase-3. In 2-h cultured sham rat neutrophils, there was clearly demonstrable staining for active caspase-3 along with the appearance of the aggregated configuration of mitochondria (Fig. 7A) , but in 2-h cultured neutrophils from burn-injured rats, there was no appearance of aggregated mitochondria and a barely demonstrable staining of caspase-3 activation (Fig. 7B) . In 8-h cultured neutrophils from both group rats, mitochondrial structure changes and caspase-3 activation were detectable, but the active caspase-3 staining showed positive in only a few 8-h cultured burn-injured rat neutrophils, whereas a large number of the sham rat neutrophils demonstrated a strong positive staining with cleaved caspase-3 (Fig. 7, C and D) . Western blotting and confocal laser scanning microscopic analysis of caspase-3 activation were in agreement in indicating that burn injury probably caused an inhibition of caspase-3 activation and that the caspase-3 inhibition was likely accompanied by a decreased incidence of mitochondrial morphological changes associated with apoptosis.
DISCUSSION
Previous studies in neutrophils have supported the suggestion that TNF-␣, GM-CSF, and LPS can cause a delay in neutrophil apoptosis (9, 10) . Some recent studies have focused on evaluation of the role of inflammatory mediators in delay of apoptosis in blood neutrophils obtained from burn and trauma patients (4, 5, 9) . In this study, we have assessed mitochondrial mechanisms that could contribute to such a modulation in PMN apoptosis in burn-injured animals.
Whereas neutrophil apoptosis is critical to the resolution of inflammation, a delay in apoptosis of neutrophils could prolong their production and release of proinflammatory mediators that would be detrimental to the host (4). The delay in apoptosis also may be beneficial by providing for a prolongation of host defense against pathogens. Thus a mere delay of apoptosis in inflammatory conditions such as burn injury may be detrimental as well as beneficial to the host. In previous studies from our laboratory (11, 34) , we showed that in the rat burn injury model, similar to that employed in this study, neutrophils are hyperactivated and contribute to tissue injury. The hyperactivation of neutrophils was evident in their increased level of O 2 Ϫ production, which was in turn related to tissue damage and dysfunction in the intestine (12, 39) . Thus the delay in apoptosis and hyperaction of PMNs with thermal injury, as observed in this and the previous studies, would appear to contribute to tissue damage and organ dysfunction.
Data presented here show that the delay in neutrophil apoptosis with burn injury was accompanied by reciprocal changes in survival of cells. The delay in apoptosis with burn also accompanied a decrease in the proportion of necrotic cells at 8 h of incubation, whereas necrotic cells were ϳ18.9% in the sham groups and 5.3% in the burn groups. The decrease in the proportion of necrotic cells with burn likely represents a decrease in apoptotic cell death contributing to fewer apoptotic cells eventually undergoing necrosis.
Mitochondria have been shown to initiate apoptosis by releasing factors, such as cytochrome c, which participate in the formation of the apoptosome complex that activates caspase-9/-3 cascade. The involvement of mitochondria in apoptosis has been assessed via measurements such as mitochondrial permeability transition (MPT), mitochondrial membrane potential, and morphological changes in mitochondria (14, 24, 44) . In the present study, assessments of mitochondrial structural changes supported the hypothesis that burn injury inhibited or prevented a breakdown of PMN mitochondrial integrity that accompanies apoptosis (31) . It should be pointed out that freshly isolated neutrophils from sham and burninjured rats did not show a discernible difference in mitochondrial morphology, but we did find a lesser degree of release of cytochrome c from mitochondria in freshly isolated burn rat PMNs compared with PMNs from sham rats. It is likely that mitochondrial morphology change may occur later than the leakage of cytochrome c from mitochondria.
The roles of antiapoptotic and proapoptotic factors have not been previously studied in detail under burn injury conditions. It is known that proapoptotic and antiapoptotic members of the Bcl-2 family modulate cell death through their ability to form complex homodimers and heterodimers that ultimately influence the insertion of Bax and Bax-like proapoptotic proteins into the outer mitochondrial membrane (28, 31, 37, 42, 43) . The insertion of Bax into the mitochondrial membrane has been shown to trigger the release of cytochrome c and cell apoptosis (14, 19, 22) . Previous studies have also shown that whereas the antiapoptotic protein Bcl-2 itself is not expressed in PMNs (10, 14, 26) , other antiapoptotic Bcl-2 family members might be involved in delay of PMN apoptosis induced by GM-CSF and other proinflammatory mediators (16, 24, 27) . In the present study, we did not detect a difference in antiapoptotic Mcl-1 or A1 but did find differences in Bax, Bad, and Bcl-xL expression between sham and burn-injured rat neutrophils. In freshly isolated PMNs or in PMNs after 2 h of incubation, the delay in neutrophil apoptosis with burn injury could be partly due to increased expression of antiapoptotic Bcl-xL. Bcl-xL has been shown to stabilize mitochondrial membrane and block cytochrome c release from mitochondria (38, 45) . Our measurement of decreased cytochrome c release from mitochondria occurring in burn rat PMNs at 0 and 2 h of incubations coincided with the increased Bcl-xL mRNA and protein expression. Although Bax mRNA was not affected in burn rat PMNs at 0 or 2 h of incubation, Bax protein level in burn rat PMNs was decreased at 0 or 2 h of incubation. This could be due to either a change in Bax protein synthesis or its degradation in the face of unaffected Bax gene expression. Thus the burn-related decrease in Bax protein at 0 and 2 h of PMN incubation could contribute to PMN apoptosis delay due to a decrease in its incorporation into mitochondrial membrane (45) . At 8 h of incubation, burn rat PMNs, compared with those of the sham group, showed a decrease in Bax protein while Bcl-xL protein also paradoxically appeared to decrease. This finding suggests an independent role of decreased Bax in contributing to mitochondrial membrane stability in 8-h-incubated burn rat PMNs. Our data concerning phosphorylated Bad levels are also indicative of its potential role in apoptosis delay with burn injury observed in PMNs incubated for 8 h. The observed increase in phosphorylated Bad in 8-h-incubated PMNs from burn-injured rats implies a decrease in dephosphorylation of Bad and consequent decrease in apoptosis relative to corresponding sham rat PMNs. Thus the decrease in apoptosis in 8-h-incubated burn rat PMNs may be a result of multiple factors. Not only a decrease in Bax but also an increase in phosphorylated Bad could cause the delay in PMN apoptosis via stabilization of mitochondrial membrane, even in the face of the paradoxical decrease in Bcl-xL.
We found a detectable level of active caspase-9 in freshly isolated sham rat neutrophils. Active caspase-9 was, however, attenuated in burn rat PMNs. Because caspase-9 reflects activation of the mitochondrial pathway of apoptosis, the burnrelated changes in caspase-9 activation support the role of suppression of the mitochondrial pathway in PMN apoptosis delay with burn. Caspase-3 activation is an event distal to both the death receptor and mitochondria-related apoptosis pathways; its attenuated activation in burn rat PMNs implicates a suppression of both the death receptor and/or mitochondrial pathway contributing to PMN survival.
In summary, the present study definitively demonstrates that a suppression of mitochondrial (intrinsic) pathway contributes to the delay in neutrophil apoptosis with burn injury. The data also demonstrate that both a decrease in the critical proapoptotic factors (Bax and dephosphorylated Bad) and an increase in antiapoptotic factors (Bcl-xL) play a role in the modulation of the mitochondrial caspase-9 cascade to produce delay in PMN apoptosis after thermal injury.
